Quinolones have been used extensively for the treatment of diarrhea caused by Campylobacter jejuni. Quinolones are also frequently used as prophylaxis for travellers. The frequency of resistance to quinolones among C. jejuni strains was low (1 to 2%) in Sweden until the beginning of the 1990s (16) , when it rapidly increased to almost 25% within a few years (17, 23) . The mechanisms for quinolone resistance in pathogenic bacteria have been shown to involve chromosomal mutations that modify DNA gyrase (18, 20, 22, 24) or DNA topoisomerase IV (1, 21) , the targets of quinolone action. Decreased outer membrane permeability (2, 5, 13) and export through an active efflux system (3, 8) have also been linked to quinolone resistance. Recently, transferable plasmid-borne resistance to quinolones has also been inferred (10) . In this study, we investigated mutations of gyrase and topoisomerase IV genes in C. jejuni.
Campylobacter strains were grown at 37°C in a microaerobic atmosphere (5% O 2 , 10% CO 2 , 85% N 2 ) for 48 h on bloodfree, nonselective nutrient agar (Oxoid Ltd., Basingstoke, United Kingdom). Determination of MICs by broth dilution was performed as described previously (16) .
Characteristics of the clinical isolates studied are summarized in Table 1 . A quinolone-susceptible reference strain (8382), originally isolated from a fecal sample and susceptible to tetracyclines, erythromycin, and clindamycin, was also included.
In order to characterize mutations associated with resistance, the quinolone resistance-determining region (QRDR) of the gyrA gene in the clinical isolates was amplified by PCR. The primers and the method were described previously (22) . The templates for PCR amplification were prepared by the boiling method (19) . Products of PCR were purified as described previously (11) and digested with EcoRI and BamHI, generating a fragment of 219 bp, which was cloned into M13mp18 or M13mp19 as described previously (14) .
The QRDR sequence of the gyrA gene obtained for the eight isolates in Table 1 is shown in Fig. 1A . The sequence for the quinolone-susceptible strains 8382 and 34156 (with one exception; see below) was identical to that previously reported (22) . The QRDRs of the quinolone-resistant isolates (Table 1) all showed the C-to-T transition at nucleotide 256 (Fig. 1A) , leading to a Thr-86-Ile substitution, which was earlier observed to mediate high quinolone resistance (22) . All eight isolates also had a silent C-to-T change at nucleotide 242 ( Fig. 1A ) which was not previously reported.
In order to identify further mutations associated with resistance, the QRDR of the parC gene of C. jejuni, corresponding to nucleotides 140 to 534 in Escherichia coli parC (6, 21) , was amplified. Two primers were used, 5Ј-TGGGATCCAAACCT GTTCAGCGCCGCATT-3Ј (P1) and 5Ј-CGGAATTCGTGG TGCCGTTAAGCAAA-3Ј (P2). BamHI and EcoRI sites were added to the 5Ј ends of P1 and P2, respectively. The PCR amplification was as described previously (20) , except that 1.0 mM MgCl 2 and an annealing temperature of 58°C were used.
The sequence of the parC gene of C. jejuni downstream of a Strains 33324, 33325, and 33328 are fecal isolates from patients with severe diarrhea; 27611 is a blood isolate from a patient with diarrhea; 8382 is a quinolone-susceptible fecal isolate; and 34156 to 34158 are isolates from a patient with diarrhea who was treated with 400 mg of norfloxacin orally twice daily for 0, 4, and 24 days, respectively. All strains are from an earlier investigation (23) .
b HS, heat-stable antigen type; HL, heat-labile antigen type (9, 12) ; NT, nontypeable.
the QRDR (sequence between positions 538 and 1238 [ Fig. 2] ) was determined for the quinolone-susceptible isolates (8382 and 34156 [ Table 1 ]) and for one resistant strain (33324 [Table  1 ]) by three sequential runs of the capture PCR (CPCR) technique, as described previously (7) . Controls without templates were included.
The first run of CPCR was carried out with a biotinylated primer based on the known sequence of the QRDR of C. jejuni parC (positions 412 to 437; in Fig. 2 , positions 140 to 538 correspond to the QRDR). An amplified fragment of about 355 bp was obtained. The identity of the amplified DNA was confirmed by carrying out two independent PCR runs with two specific primers located downstream of the biotinylated one (nucleotides 438 to 457 and 492 to 514 [Fig. 2]) . Three independent clones of the amplified DNA were sequenced as described previously (15) . Based on the sequence detected by the first CPCR run (nucleotides 538 to 890 [ Fig. 2]) , two other CPCR runs were carried out one after the other with two biotinylated primers representing positions 807 to 835 and positions 1094 to 1116 (Fig. 2) .
The amplified QRDR of C. jejuni parC was found to be slightly larger (398 bp) than that observed by Vila et al. for E. coli (395 bp) (21) . The two identical sequences of this amplification product from the two quinolone-susceptible strains (8382 and 34156 in Table 1 ) are shown in Fig. 1B . The amino acid sequence is identical to that of the corresponding fragment in E. coli, with four exceptions. The most conspicuous of these are the two arginine residues substituted for glycine and alanine at residues 107 and 108, respectively, immediately followed by the insertion of an extra serine (Fig. 2) flanked by a sequence corresponding to a 5-bp direct repeat (CGATC). The fourth exception is an arginine instead of a glutamine at residue 139. The resistant strains all show a mutation substituting glutamine for arginine at this position. The differences at residues 107 to 109 could be endogenous to C. jejuni. An alternative interpretation could be that because of the intensive exposure to quinolones used in medicine and agriculture, C. jejuni has adapted by mutations at residues 107 to 109, resulting in a protein with a lower affinity for quinolones (resistance) but a lower enzymatic efficiency. The Gln-139-Arg substitution detected in the susceptible isolates could be regarded as a compensatory mutation resulting in an increase in enzyme activity with a concomitant loss of resistance (4). VOL. 42, 1998 NOTES 3277
The nucleotide sequence of the part of C. jejuni parC analyzed here (about 50% of the whole parC gene, compared to the size of the corresponding gene in E. coli) showed 94% similarity (93% after translation) to the corresponding gene in E. coli. A higher degree of similarity was found near the part of the gene corresponding to the N terminus, while the part corresponding to the C terminus was generally found to be more variable (Fig. 2) .
In this study, quinolone-resistant isolates of C. jejuni, representing the increase in resistance frequency mentioned above, were analyzed for mutational changes in both the gyrA and parC genes. A single mutation in gyrA, leading to a Thr-86-Ile substitution, in combination with a single mutation in parC, leading to an Arg-139-Gln substitution, had been found in clinical isolates of C. jejuni resistant to high concentrations of ciprofloxacin. The gyrA mutation seen in this study is identical to that observed earlier in C. jejuni (22) , but the C. jejuni strains examined were found to display a higher resistance level to ciprofloxacin (34 to 125 g/ml) than what was observed in the previously mentioned study (22) . The interpretation that the combination of mutations in gyrA and parC could be associated with the high resistance is supported by the data presented in Table 1 , which show that isolates of the same serogroup from a patient under treatment with ciprofloxacin showed high resistance to quinolones already on the fourth day of treatment and that a comparison of susceptible isolates from the initiation of treatment with resistant isolates from the fourth day showed the two mutations. However, the gyrA and parC mutations observed did not explain why the MICs of ciprofloxacin were 34 g/ml for strain 33325, 64 g/ml for strain 33324, and 125 g/ml for others (27611 and 34157). One possibility could be that there was an additional mutation(s) in another location(s) of the gyrA or gyrB gene. Mutations that affect drug permeation and efflux could also alter the ultimate MICs for these isolates.
Nucleotide sequence accession number. The sequence of the parC gene has been deposited in the EMBL database under accession number Y18300.
